Proton and alpha decay from the giant resonance region of "Si excited with a 129 MeV alpha particle beam has been measured in coincidence with inelastic alpha particles detected at O'. The angular correlation data show the presence of decay from both EO and E2 giant resonances. The EO giant resonance decays primarily through the ao, al, po, and p, 2 channels with the branching ratios 18+6%%uo, 24+8%, 23+9%%uo, and 18+8%, respectively. Substantial direct decay is observed.
INTRODUCTION
After first evidence for the isoscalar giant monopole resonance (GMR) was obtained, ' extensive studies were performed to identify the GMR in many nuclei over the periodic table and to extract the incompressibility of nuclear matter.
Most of these studies were done with inelastic scattering of He ions and alpha particles with energies between 100 and 170 MeV. To identify the monopole, the experiments were performed at small angles, including 0' where the monopole is excited most strongly.
In medium and heavy nuclei (mass number A )64), the GMR has been unambiguously identified at excitation energies E, =(70 -80 ' report location of 23% of the EO EWSR in Ni. In Ca, a 0+ state at E =14 MeV containing 6% of the EWSR (Refs. 11 and 12) was identified. Brandenburg et al. ' have performed singles and coincidence measurements on Ca using 120 MeV alpha particles and report 30% of the EO EWSR strength fragmented in the broad excitation energy region 10.5 -20 MeV.
The GMR lies in a continuum region and can decay by the emission of neutrons, protons, and alpha particles.
Measurements
of such decay particles in coincidence with inelastically scattered particles exciting the GMR should permit a more confident assignment of the rnultipolarity through angular correlations, and might provide information on the microscopic structure of the GMR. From the location of particle thresholds and experience with the decay of the giant quadrupole resonance, ' one would expect the GMR in heavier nuclei to decay primarily by neutron emission; thus we have chosen to investigate charged particle decay of the GMR in Si. Further, since the decay of the giant quadrupole resonance (GQR) in Si revealed interesting features of intermediate structure and predominance of the direct decay process, ' it is interesting to investigate whether the decay of the GMR shows a similar direct nature and provides information on the microscopic structure of GMR.
In this paper, we report measurements of charged particles decaying from the giant resonance region of Si in coincidence with alpha particles inelastically scattered at O'. The 0' measurement gives a maximum monopole cross section and an axial symmetry of the angular correlation which makes measurements in one plane suScient for full determination of the correlation function. This configuration is illustrated in Fig. 1 Fig. 3 for decay angles of 25' and 155'. Resonant structures can be seen with very little continuum in the alpha and proton spectra taken at 155'. In the 25' proton decay spectra, however, there appears to be a significant continuum. The alpha decay spectra at 25' exhibit at most a small continuum. The continuum in the proton spectra may come from knockout where an incident alpha particle knocks out a proton in the nucleus, leaving it in a hole state, as discussed later.
A singles a' spectrum is shown in Fig. 4 Fig. 4 ' ' and this was not pursued further in this work. In order to obtain the cross sections for alpha and proton decay into each channel, the angular correlation data were fitted with Legendre polynomials using a leastsquare fitting technique ' and integrated. A few data points at forward angles (less than 40' -50') in the proton These decay cross sections are plotted as a fraction of the singles giant resonance cross section in Fig. 10(a) . The singles giant resonance cross section was obtained from the spectrum in Fig. 4(a) Figs. 10(b) and 10(c). This is also approximate-
ao decay
The experimental angular correlations were fitted with a coherent mixture of E2 and EO. %here small asymmetries were present, some E3 admixture was added to the calculation. In Fig. 5 The sensitivity of g to each parameter is also shown in Fig. 11 , while Fig. 12 to fit the data, in contrast with the singles results.
In general, fits from the coherent mixing calculations resulted in a y lower by a factor of 2 -3 than for incoherent calculations. In Figs. 13 and 14 , respectively, the distributions of the EO and E2 strength and the phase di6'erence (52 -5o) are shown. It is interesting to note that the strength distributions of the EO and E2 and even the phase differences show a gross structure, Other decay channels Only the ao channel, decay of a spin-zero particle to a spin-zero final state, has a unique l wave in the decay of the E2. In the other channels, decay can proceed through at least two I waves, and extraction of meaningful parameters is more ambiguous. Results of an analysis of these channels is described below. In general, the same fitting procedures were applied as in the ao case; however, it must be recognized that a number of assumptions which may be plausible but not rigorously defensible must be made to draw significant conclusions.
In the a, decay channel (0+, 2+~2+ ), I = j=0, 2, and 4 can contribute to the decay. The l = j=O component of the E2 decay was neglected for simplicity because the GQR decay study of Si (Ref. 15) has shown that this contribution was very small. In Fig. 6 , the results of the ' ) strength was not distinguished (see the text).
Fitting the angular correlation for the entire energy region. ') for the EO and (0, -, '), (2, -', ) , (2, -, ') , (4, -, ') , and (4, - ', ) for the E2. It is interesting to compare the coincidence spectra obtained in this study ( Fig. 3) coherent mixing of the E3 decay amplitude. In the proton decay channels, however, the knockout process probably contributes to the asymmetry. ' ' The ratios between the forwardlbackward peak and the 90' peak The EO and E2 strength and the branching ratio obtained in this study are summarized in Table V for E2   and in Table UI for EO, along with the results from the Mg(a, y) reaction ' and the Si(a, a') GQR coincidence experiment. ' The present result for the E2 de- 
